Objective: We compared perinatal mortality, preterm birth (<37, <33 and <28 weeks), small for gestational age (SGA), Apgar score (<4), mechanical ventilation (X1 days) and prolonged neonatal intensive care unit (NICU) hospitalization (X13 days) between twins of 25 to 34 and >35-year-old women. Further, we examined whether older maternal age effects were modified by parity or otherwise affected by chorionicity.
Introduction
Delayed childbearing, increasingly observed in industrialized countries over the past two decades, has been paralleled by an increased rate of twin births. [1] [2] [3] [4] [5] In the United States, the frequency of twins increased by 66% from 19.3 per 1000 live births in 1980 to 32.1 per 1000 live births in 2006. 6 In Canada, twin births increased from 17.9 per 1000 total births in 1974 to 30.8 per 1000 births in 2005, 7, 8 an increase of 72%. 8 Similar trends have been observed in other industrialized countries. [9] [10] [11] One remarkable and poorly understood phenomenon observed among twins is the reversal of older maternal age effects that typically characterize singleton pregnancies. Whereas older maternal age is associated with higher rates of adverse perinatal outcomes (such as preterm birth, growth restriction and perinatal death) among singletons, twin pregnancies among older women are associated with lower rates of these same outcomes. [12] [13] [14] [15] [16] However, studies on this issue have been characterized by various inconsistencies and limitations. For instance, the studies suffer from a lack of adjustment for smoking, 12, 14, 16, 17 alcohol and drug use, 12, [13] [14] [15] [16] [17] socioeconomic status, 12, 16 prenatal care 16 and obstetric history. 12, [13] [14] [15] [16] [17] Other problems include small study size 12 and a lack of correction for the correlation in outcomes between twins. 12, 13, 16 One study that examined the differential effect of parity showed that the risk of preterm birth decreased with increasing maternal age among primiparous but not multiparous women. 17 Finally, there has been inadequate attention paid to neonatal morbidity associated with prolonged neonatal intensive care unit (NICU) hospitalization.
Therefore, we carried out a study to examine the association between older maternal age and a comprehensive set of adverse birth outcomes among twins with careful adjustment for demographic, behavioral and clinical confounding factors. Our study also attempted to describe the effect of parity and chorionicity on these associations.
Methods
We conducted a population-based retrospective cohort study comparing birth outcomes between twins born to mothers >35 years old and twins born to mothers 25 to 34 years of age. We included all twins born at 20 weeks of gestation or later in British Columbia (BC), Canada, from 1 April 1999 to 31 March 2003.
The outcomes of interest were perinatal death (death in utero after 20 weeks of gestation or within the first 28 days after birth), preterm birth (<37 weeks), very preterm birth (<33 weeks), extremely preterm birth (<28 weeks), small for gestational age (SGA, <10th percentile), Apgar score at 5 min of p3, mechanical ventilation for 1 day or more and prolonged NICU hospitalization (for 13 days or more). NICU admissions were restricted to level 2 or 3 NICUs, characterized by high-dependency neonatal care, such as total parenteral nutrition, mechanical ventilation, major surgery or extracorporeal membrane oxygenation. 18 Level 1 NICU admissions and short-duration NICU admissions were not considered relevant, as such hospitalizations may represent transitory problems in newborns or simply admissions for monitoring the newborns' condition. The choice of cutoff for prolonged NICU stay was based on the median duration of stay (13 days among infants admitted for more than 1 day) in Canadian NICUs. 19 Information on NICU admission was only available for 2 years (2001/02 to 2002/03). Definitions of preterm birth, very preterm birth and extremely preterm birth are consistent with those used in the literature previously. 13, 14 Gestational age was defined based on both the date of the last menstrual period and the first trimester ultrasound estimate of gestation. In cases of concordance between the two estimates, the LPM-based estimate was used, whereas in cases in which there was a discrepancy of more than 2 weeks, the ultrasound estimate was used. 20 SGA (<10th percentile) was defined using a gender-specific fetal growth standard for twins. 21 Factors examined in multivariable analyses for their role as confounders included smoking during pregnancy (yes/no); alcohol (yes/no) and drug use during pregnancy (yes/no); single parent status (yes/no); low attendance at prenatal care (<4 visits during pregnancy versus more); prior spontaneous abortion (yes/no) and prior induced abortions (yes/no); infant's gender, low-income neighborhood residence (yes/no); rural residence (yes/no); and ethnicity (Aboriginal status yes/no). Drug use represented any drug (illicit, prescription or other drug potentially harmful to the baby) used during pregnancy. Low-income areas were defined as residential areas with a median income that fell within the lowest quintile of income for the province.
We also obtained information about previous obstetric history: stillbirth or neonatal death (yes/no); previous low birth weight or preterm birth (yes/no); prepregnancy weight (>70 kg versus p70 kg); congenital anomalies (international classification of disease (ICD9) codes 740.0 to 759.9 noted on hospital discharge abstract); as well as hospital readmissions and transfers during the first year.
Maternal age, birth and newborn information, as well as information about potential confounders was obtained from the BC Perinatal Health Program birth registry, which captures all births in the province of BC (B40 000 births per year). These data were abstracted from hospital charts after discharge by trained health records personnel using standardized protocols. Routine validity checks on the data, including data reabstractions and quarterly reports examining data consistency, show that the data are accurate. Ethics approval for the study was obtained from Ethics Review Board of Children's and Women's Hospital, Vancouver (CW05-0139).
Data analysis
We first examined demographic, behavioral and life-style characteristics among younger and older women. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for the study population and for subgroups stratified by parity. The unit of analysis for outcomes was the infant, except for analyses of perinatal mortality, when stillbirths were also included. The proportion of infants admitted to NICU for X13 days was calculated based on infants who survived, as infants who died in the perinatal period have not stayed at NICU for a prolonged period of time. As the information on NICU admissions, including transfers, was available only for infants born between April 2001 and March 2003, we included additional information about demographic characteristics and perinatal mortality for this particular subset. For each outcome, the differences in ORs between parity groups were evaluated by the Breslow-Day test for homogeneity of ORs. 28 ORs that were significantly different between nulliparous and multiparous women were reported separately.
Generalized estimating equation models for binary outcomes were used to adjust for confounding factors and account for the correlation in twin birth outcomes. Interaction terms for parity and maternal age were tested in the regression models for outcomes, in which significant heterogeneity of OR between parity groups were detected, and P-values for interaction terms were reported where significant (or near significant) effect was observed. All analyses were repeated after restricting the study population to opposite-sex twins, in order to evaluate confounding by chorionicity. The models were estimated using the Genmod procedure in SAS, version 6.1.3 (SAS, Cary, NC, USA).
Results
During the 4-year study period, 1088 twins were born to mothers >35 years old (446 to primiparous women and 642 to multiparous women) and 2550 twins were born to mothers 25 to 34 years old Association between older maternal age and twin birth outcomes S Lisonkova et al (1158 to primiparous and 1392 to multiparous). Compared with younger mothers, older mothers were significantly less likely to smoke during pregnancy and less likely to weigh >70 kg before pregnancy. Older mothers were more likely to have had a prior spontaneous abortion and a prior stillbirth or neonatal death. Twins in both cohorts were similar with respect to congenital anomalies and sex (Table 1) . Between April 2001 and March 2003, 634 twins were born to 317 older mothers (128 primiparous and 189 multiparous) and 1332 twin infants were born to 666 younger mothers (304 primiparous and 362 multiparous); the demographic characteristic was similar to the overall study population (Appendix). Unadjusted results showed that birth outcomes of twins born to older mothers were not significantly different from outcomes of older mothers, except for preterm birth (<37 weeks), which more likely occurred among twins of older women, and SGA, which more likely occurred among younger mothers. The ORs for perinatal death and mechanical ventilation (X1 day) differed by parity (P-value ¼ 0.03); for both of these outcomes, the odds were higher in older age among multiparous women and, in contrast, lower in older age among primiparous women (Table 2) . Overall, 81.0% of older women versus 76.0% of younger women delivered after labor induction or cesarean section (OR ¼ 1.34, 95% CI: 1.13 to 1.61). Statistically significant differences according to parity were also observed in the association between maternal age and prolonged NICU admission (Table 3 ). In this study population subset (years 2001 to 2003), the rate of very preterm birth (<33 weeks) was 8.2 and 8.1 per 100 live births among younger and older mothers, respectively, and the rate of extremely preterm birth were 4.1 and 1.3 per 100 live births, respectively (OR ¼ 0.3, 95% CI: 0.14 to 0.63); differences by parity were not statistically significant.
Adjusted analyses yielded similar results. Twins of older mothers were more likely to be preterm (<37 weeks) (adjusted OR ¼ 1.22, 95% CI: 1.05 to 1.43), but had no excess risk of perinatal death, very preterm or extremely preterm birth, mechanical ventilation (X1day) or SGA ( Table 2) . Twins born to older primiparous women did not have higher odds of prolonged NICU hospitalization, as compared with twins born to younger primiparous women (adjusted OR ¼ 1.01, 95% CI: 0.66 to 1.54). Among multiparous mothers, this association was positive and statistically significant (adjusted OR ¼ 1.78, 95% CI: 1.19 to 2.61; Table 2 ). The effect modification by parity reached a borderline statistical significance (P-value ¼ 0.056).
Birth outcomes among opposite-sex twins Analyses restricted to opposite-sex twins showed that twins of older mothers were significantly less likely to experience perinatal death, very preterm birth (<33 weeks) and mechanical ventilation, Association between older maternal age and twin birth outcomes S Lisonkova et al but more likely to be born preterm (<37 weeks) ( Table 4) . The ORs for perinatal death, very and extremely preterm birth, low Apgar score, mechanical ventilation and SGA did not differ significantly by parity. However, the effects of older maternal age on preterm birth and prolonged NICU hospitalization were significantly modified by parity, even after adjustment for confounding factors (interaction P-value ¼ 0.01 and <0.01, respectively). For instance, older primiparous women were more likely to deliver preterm compared with younger primiparas (adjusted OR ¼ 1.95, 95% CI: 1.35 to 2.82), whereas multiparous women did not show any differences by age (adjusted OR ¼ 0.98, 95% CI: 0.68 to 1.40). Further, older maternal age was protective against prolonged NICU admission among primiparous women (OR ¼ 0.21, 95% CI: 0.08 to 0.57), but associated with increased risk among multiparous women (OR ¼ 2.34, 95% CI: 1.00 to 5.50). The adjusted ratio for low Apgar score was impossible to obtain from the regression model because of low numbers. Overall, the associations between maternal age and adverse birth outcomes were stronger among opposite-sex twins, compared with results of unrestricted analysis of all twins.
Discussion
Our study shows that twins born to older mothers are not at elevated risk of adverse birth outcomes including perinatal death, Association between older maternal age and twin birth outcomes S Lisonkova et al very or extremely preterm birth, low Apgar score, mechanical ventilation (X1 day) or SGA, as compared with twins born to younger mothers. However, twins of older mothers were more likely to be delivered before 37 weeks, implying that the increased likelihood of preterm birth was mostly related to the late preterm period (34 to 36 weeks). The risk of prolonged NICU hospitalization may be modified by parity. Twins of older primiparous women were at lower risk of NICU hospitalization, whereas twins of older multiparous women were at elevated risk, compared with twins born to younger primiparous and multiparous women. These findings are likely not due to the differences in chorionicity.
As multifetal pregnancies among older women have become an increasingly important issue, our results help to address important gaps in the literature. To our knowledge, this is the first study to describe the association between maternal age and a prolonged NICU stay, and the first study to explore the effect of parity on a range of adverse birth outcomes. Our results suggest that a relatively lower risk of perinatal mortality among twins born to older primiparous women is not likely offset by an increase in serious neonatal morbidity.
Older mothers were more likely to deliver preterm; however, the rates of very and extremely preterm birth were similar in both age groups, suggesting an increase in late preterm deliveries among older mothers. Previous studies found no excess risk of perinatal death, very preterm birth, 13 neonatal death 16 and infant death 15 among twins born to older versus younger mothers. We report similar findings related to perinatal death and preterm birth after additional adjustment for obstetric history, smoking, alcohol and drug use, rural residence and the correlation in outcomes between twins from the same pregnancy. A differential effect of parity on the association between maternal age and very preterm birth was described previously by Branum et al. 17 ; among twins born to primiparous women, very preterm birth rates decreased with increasing maternal age, however, no such trend was observed among multiparous women. This differential effect, however, was observed only among more educated women, suggesting a possible confounding by socioeconomic status or by assisted reproduction/ chorionicity. Delbaere et al.
14 found no excess risk of perinatal death, SGA, very preterm birth and any NICU admission among older versus younger primiparous women in Belgium, even after adjustment for assisted reproduction/chorionicity and maternal education. We also found that chorionicity is not likely to account for a relatively favorable birth outcomes among older mothers with twins. When we restricted the analysis to a subset of opposite-sex twins (that is, dichorionic twins), the results revealed an even lower risk of adverse birth outcomes among older compared with younger mothers. However, policies related to the number of embryos transferred during in vitro fertilization differ between Belgium and North America; thus, the effect of assisted reproduction on twins among older mothers deserves further evaluation.
The absence of a positive association between older maternal age and adverse birth outcomes among twins contrasts with elevated risks typically observed among singletons of older mothers. 22, 23 This paradox has not been adequately explained to date, 24 although a few hypotheses have been proposed. Association between older maternal age and twin birth outcomes S Lisonkova et al First, older mothers, who were able to conceive twins and remain pregnant after 20 weeks of gestation, may represent a select cohort of healthy women with a biological advantage (high quality eggs or healthy reproductive systems), which leads to better birth outcomes.
14 However, the risk of maternal morbidity increases with maternal age in a similar manner in both twin and singleton pregnancies, 15 and this finding contradicts the hypothesis. Second, adverse medical events before 20 weeks of gestation (spontaneous one-twin demise or termination) are likely more common among older mothers and may result in a shift of riskier pregnancies from twin to singleton. The surviving twin is at elevated risk of mortality, low birth weight, preterm birth and NICU admissions, 25, 26 and contributes to the higher risk of adverse birth outcomes among singletons as opposed to twins.
Thirdly, changes in the uterus due to aging might be, to some extent, advantageous to older women pregnant with twins. It is possible that low oxytocin receptivity and altered uterine contractility among older women 27 makes the uterus with twins less susceptible to spontaneous preterm birth at lower gestational ages (<33 weeks). This possibility is supported by findings that, in twin pregnancies the need for tocolysis declines significantly with increasing maternal age. 15 However, older women were more likely to deliver by labor induction or cesarean section. These iatrogenic preterm deliveries, especially at late preterm, have increased over time in twin pregnancies, and this trend has been paralleled by a decrease in perinatal mortality. 3 The higher rate of indicated medical interventions in older women might have rendered an advantage in terms of perinatal mortality and compensate for an otherwise increased risk of perinatal death.
Lastly, it might not be a relative advantage of older age, but a particular disadvantage of a younger age combined with primiparity, that drives the absence of an increased risk of adverse birth outcomes among older women with twins. Noticeably, the rates of perinatal death, mechanical ventilation or NICU admission do not differ substantially between twins of primiparous and multiparous women of older age; however, among younger mothers, the differences between parity groups are larger. This hypothesis would need a further evaluation.
The main limitation of our study is the inability to adjust for assisted reproductive therapy. Older women, especially primiparous, are more likely to conceive by assisted reproductive therapy. Twin pregnancies conceived by assisted reproductive therapy are more likely to be dichorionic, 14 rendering a better prognosis, compared with monochorionic pregnancies. However, differences in chorionicity are not likely to explain our findings. Even though the opposite-sex versus the same-sex twins stratification is only a proxy for chorionicity, it has been used in twin research. 29, 30 Further, if we assume that assisted reproductive therapy confounds the association between maternal age and birth outcomes because of the differences in chorionicity, we would expect similar or worse outcomes among older versus younger mothers when only dichorionic twins were analyzed. Thus, the confounding effect of ATR, if any, is likely to manifest through mechanism(s) other than chorionicity.
Another potential limitation of our study was our inability to adjust for maternal education, mode of conception, body mass index, fertility problems and other potential confounders such as, ethnicity (other than aboriginal status), short interval between births (among multiparous women), stress, nutrition and environmental factors. However, analyses adjusting for prepregnancy weight and congenital anomalies yielded similar results.
Finally, our study lacked the power to detect a statistically significant effect modification by parity on the association between maternal age and the less frequent adverse birth outcomes. The results indicate that parity does modify the effect of age on prolonged NICU stay; however, larger studies are needed to confirm this finding.
In conclusion, our study shows that in twin pregnancies, older women were not at increased risk of adverse birth outcomes compared with younger women. However, older women with twins were more likely to deliver preterm (<37 weeks), but not at very preterm (<33 weeks) or extremely preterm (<28 weeks) gestations. These effects are true for primiparous and multiparous women, with the exception of prolonged NICU admission, which may be more common in older multiparous women compared with younger multiparous women. 
